OBJECTIVE: To identify factors related to the decrease in core body temperature after deflation of a pneumatic tourniquet during unilateral knee surgery under general anaesthesia. METHODS: This observational study recruited 30 patients scheduled for arthroscopic surgery (group A) and 30 patients scheduled for open surgery (group O). Intraoperative oesophageal temperature was measured during tourniquet inflation and every minute for 10 min after deflation. RESULTS: Core temperature decreased significantly after tourniquet deflation in both groups, the decrease being significantly greater in group A than in group O. Duration of tourniquet inflation and type of surgery were correlated with the temperature decrease. CONCLUSIONS: In knee surgery using a tourniquet, the decrease in core body temperature after tourniquet deflation was closely related to the duration of tourniquet inflation and to arthroscopic rather than open surgery. Further studies are required to determine the effect of surgery type on temperature changes, independently of the duration of tourniquet inflation.
Introduction
Hypothermia is a major complication of anaesthesia and is associated with many adverse outcomes, including prolongation of anaesthesia and drug effects, perioperative coagulopathy, increased incidence of wound infection, adverse effects on immunity and increased incidence of postoperative adverse myocardial events. 1 -3 Most surgical patients become hypothermic because of anaestheticinduced impairment of normal thermoregulatory control and the resulting core-to-peripheral redistribution of body heat during exposure to a cold operating theatre environment. 1, 3, 4 Patients with endof-case hypothermia tend to have significantly lower temperatures than normothermic patients in the early postoperative period and take longer to reach normal temperature. 5 End-of-case hypothermia appears to be a marker for a greater degree and duration of postoperative hypothermia. 6 Pneumatic tourniquets are used to achieve bloodless surgical fields and reduce blood loss during surgery on the extremities. Tourniquet deflation after surgery decreases core temperature, possibly as a result of the JY Chon, JY Lee Factors influencing post-tourniquet hypothermia redistribution of hypothermic venous blood from the tourniquet limb into the systemic circulation; 7 -9 this decrease in temperature may cause end-of-case hypothermia. It has been suggested that the preservation of core temperature during surgery could reduce the unavoidable decline in temperature after tourniquet deflation. 10 This observational study examined the influences of various factors on the decrease in core body temperature after tourniquet deflation. The factors studied included the duration of tourniquet inflation, the type of surgery (arthroscopic or open surgery), body surface area and the volume of irrigation fluid used in arthroscopic surgery. 
Patients and methods

PATIENTS
SURGICAL PROCEDURES
Patients were premedicated with 10 mg diazepam (without anticholinergics) by mouth. After standard monitoring, including the bispectral index (BIS Vista ® Monitoring System; Aspect Medical Systems, Norwood, MA, USA), patients received 1.5 -2 mg/kg propofol and 0.6 mg/kg rocuronium intravenously. Patients were intubated and anaesthetized by inhalation of 5 -6% desflurane or 1.5 -2% sevoflurane, selected at random for each patient, with simultaneous administration of nitrous oxide at 2 l/min and oxygen at 2 l/min. Rocuronium (0.6 mg/kg) and vecuronium (0.1 mg/kg) were injected intravenously as neuromuscular blocking agents and remifentanil (0.1 -0.5 µg/kg per min) was injected intravenously as an analgesic supplement. Core temperature was measured using an 18 Fr oesophageal stethoscope with a temperature sensor (Esophageal Stethoscope with Temperature Sensor; DeRoyal, Powell, TN, USA) inserted into the distal oesophagus. Temperature was monitored during surgery while the tourniquet was inflated and at intervals of 1 min for 10 min after tourniquet deflation.The duration of tourniquet inflation, tourniquet pressure, ambient temperature and the volume of fluid used in arthroscopic surgery were recorded. The fluid used during arthroscopy was kept at room temperature before use. Body temperature was maintained JY Chon, JY Lee Factors influencing post-tourniquet hypothermia during surgery by covering the patient with passive reflective insulation material (surgical drape; Kimberly-Clark, Roswell, GA, USA) and by using a humidified anaesthetic circuit (RT100 Adult Breathing Circuit, Dual Heated; Fisher & Paykel Healthcare, Auckland, New Zealand) to provide warm, humidified anaesthetic gases. BIS monitoring was used to maintain anaesthetic depth after tourniquet deflation until the end of temperature monitoring (10 min). At 10 min after tourniquet deflation, all anaesthetics were discontinued and patients were rewarmed with a forced air warming blanket (Bair Hugger ® Model 505; Arizant Healthcare, Eden Prairie, MN, USA). Patients were extubated after the return of spontaneous ventilation and injection of pyridostigmine (0.2 mg/kg) with glycopyrrolate (0.01 mg/kg) and transported to the postanaesthetic care unit. Rewarming was continued until the tympanic membrane temperature reached 36.5°C.
STATISTICAL ANALYSES
Demographic and intraoperative parameters were compared by the χ 2 -test. Between-group differences in temperature after tourniquet deflation were compared by repeated measures analysis of variance (ANOVA). Between-group differences in temperature change (temperature 10 min after tourniquet deflation minus temperature immediately after deflation) were compared by the paired t-test. Correlations between the temperature difference and tourniquet duration, body surface area and volume of arthroscopic fluid were calculated. Linear regression analysis was performed to analyse factors influencing the decrease in temperature. All statistical analyses were performed using SAS ® version 9.1 (SAS Institute, Cary, NC, USA) and a two-tailed P-value < 0.05 was considered to be statistically significant.
Results
A total of 60 patients undergoing planned unilateral knee surgery were recruited: 30 in group A (arthroscopic surgery) and 30 in group O (open surgery). Demographic and intraoperative data are given in Table 1 . Core temperature at the start of surgery was significantly lower in group A than in group 
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O (P = 0.004). There were no statistically significant between-group differences in any other parameter.
Changes in patient core temperature after tourniquet deflation are given in Table 2 . In both groups, core temperatures at successive 1 min time points were significantly lower than those at the immediately preceding time point during the first 5 min after tourniquet deflation (P < 0.05) and, at the seven time points between 4 and 10 min after deflation, core temperatures were significantly lower in group A than in group O (P = 0.03, 0.04, 0.04, 0.02, 0.03, 0.03 and 0.04, respectively; Table  2 ). The mean total temperature change (temperature at 10 min -temperature at 0 min) was significantly greater in group A than group O (P = 0.0008; Table 2 ). Repeated measures ANOVA showed that the changes in temperature as a group effect during the 10 min period did not differ significantly (P = 0.065). Both groups showed significant decreases in temperature as a time effect after tourniquet deflation (P < 0.001). There was a significant group × time interaction with respect to temperature change (P < 0.001); thus, the two groups showed a different pattern of change in temperature with time.
Results of the correlation analyses are shown in Fig. 1 . Temperature change was correlated with tourniquet duration in both groups, such that increased tourniquet duration was associated with a greater decrease in temperature (r = −0.468, P = 0.009 in group A; r = −0.435, P = 0.016 in group O). Temperature change was not correlated with body surface area in either group (r = −0.159, P = 0.401 in group A; r = −0.102, P = 0.593 in group O) or with the volume of irrigation fluid used in arthroscopic surgery in group A (r = −0.326, P = 0.079).
Univariate regression analysis showed that tourniquet duration and type of surgery were significant variables individually 
associated with between-group differences in temperature decreases after tourniquet deflation (P < 0.0001 for tourniquet duration; P = 0.0008 for type of surgery; Table 3 ). Multivariate regression analysis indicated that tourniquet duration and type of surgery influenced temperature decrease after tourniquet deflation (R 2 = 0.358, P < 0.0001; Table 3 ).
Discussion
Inadvertent hypothermia during surgery is a common complication of anaesthesia, with an incidence of up to 70%. 12 The risk of hypothermia increases with prolonged surgery, 13 advanced age, 14 extensive burns, 15 low preoperative body temperature and severe trauma. 16 Even in the absence of these factors, previous mild hypothermia may JY Chon, JY Lee Factors influencing post-tourniquet hypothermia worsen after tourniquet deflation during elective surgery. 7 -9 There are several localized complications of pneumatic tourniquets, including nerve damage, muscle necrosis, arterial and venous thrombosis, and skin injury. 17 Systemic tourniquet reactions include metabolic acidosis and increased serum potassium, lactate and arterial carbon dioxide tension. 17, 18 Some previous studies have suggested that core temperature rises during tourniquet inflation as a result of reduced heat transfer from central to peripheral areas and reduced heat loss from distal skin; 7 -9,19 however other reports have failed to demonstrate a temperature change during tourniquet inflation. 8, 20 The effect of tourniquet deflation on core temperature has been well documented. Most studies, including the present report, have found a decrease in core temperature, possibly resulting from the redistribution of body heat to the distal limb and the return of hypothermic venous blood to the systemic circulation. 7 -10 In the present study, core temperature declined gradually after tourniquet deflation, with greater and more rapid decreases in patients undergoing arthroscopic surgery than in those undergoing open surgery. The duration of tourniquet inflation was significantly correlated with the decrease in core temperature in both arthroscopic and open surgery, in contrast to the findings of others. 7 This correlation was greater in the arthroscopic surgery group than in the open surgery group (although the difference did not reach statistical significance), possibly because of the longer mean tourniquet duration in the arthroscopic surgery group.
The present study examined the hypothesis that the type of surgery influences the temperature decrease, since arthroscopic surgery uses large volumes of cold irrigation fluid during surgery, which could further reduce ischaemic limb temperature. During tourniquet inflation, the skin temperature of the ischaemic limb has been shown to fall progressively in proportion to the tourniquet duration. 18 It was not possible to measure skin temperature distal to the tourniquet in the present study because of the risk of contaminating the operating field. Analysis of the effect of irrigation fluid in arthroscopic surgery revealed no correlation between fluid volume and the temperature decrease. 
Univariate analysis
TABLE 3: Univariate and multivariate regression analyses of the relationship between core temperature decrease after tourniquet deflation and type of surgery, duration of tourniquet inflation and body surface area in patients who underwent arthroscopic (group A) or open (group O) knee surgery
JY Chon, JY Lee Factors influencing post-tourniquet hypothermia
An important confounding factor in the present study was that the presurgical mean core temperature was significantly lower in patients undergoing arthroscopic surgery. This may be attributable to the longer time required for the preparation of arthroscopic surgical equipment and the consequent extended exposure of patients to the cold surgical environment. The core-to-peripheral redistribution of body heat during the initial period of anaesthesia results in a rapid decrease in core temperature, and the extent to which this reduces core temperature depends on the core-to-peripheral tissue temperature gradient. 1 This gradient, in turn, depends on the patient's previous thermal environment and thermoregulatory status.
A previous morphometric study of the influence of body surface area on temperature change determined that the amount of redistribution hypothermia was inversely proportional to the ratio of body weight to skin surface area. 21 This ratio represents the relationship between metabolic heat production (body weight) and cutaneous heat loss (skin surface area). In the present study there was no relationship between body surface area and the decline in temperature after tourniquet deflation. We suggest that body surface area alone should not be used to estimate redistribution hypothermia.
The core temperature of patients in the present study was maintained through the use of a humidified anaesthetic circuit, and most patients became hypothermic. Earlier studies found that postoperative cutaneous warming improved thermal comfort and reduced metabolic stress 22 and that anaesthesia-related redistribution hypothermia can be prevented by pre-emptive skin surface warming. 23, 24 The decrease in temperature after tourniquet deflation is a type of redistribution hypothermia. Although intraoperative active warming does not prevent a postoperative temperature decrease, it does increase core temperature during surgery, 10 enabling the patients to remain normothermic after tourniquet deflation. In the case of arthroscopic surgery, with an extended duration of tourniquet inflation, the anaesthetist should be aware of the possibility of hypothermia.
The mean duration of tourniquet inflation was longer in patients undergoing arthroscopic surgery, although this difference did not reach statistical significance. The arthroscopic operations in this study were meniscectomies or complicated ligament repairs, procedures that generally require a relatively long time to perform. In addition, complicated open surgery cases were excluded from the study since they were more likely to require transfusions that would influence core temperature.
In conclusion, tourniquet-induced postsurgical hypothermia was found to be correlated with the duration of tourniquet inflation and the type of surgery (arthroscopic or open). Further studies are required to determine the effect of surgery type on temperature changes independently of the duration of tourniquet inflation.
